Noncytotoxicity of granulocyte chalone preparation 7 In vitro assays of granulocyte chalone specificity and noncyto- It has been postulated that white blood cell production may, in part, be controlled by low molecular weight inhibitory molecules called chaloncs. The chalone by definition is produced and released by mature white cells and, in turn, inhibits further production of new white cells in a reversible manner. Although this assumption was theoretically sound, its physiological significance in the production of white cells remained to be demonstrated.
The purpose of this investigation was to test the specific action of granulocyte chalone in a closed diffusion chamber culture system implanted in mice. The diffusion chamber system would provide a favorable but not autonomous internal milieu for white blood cell production which would proceed at a rate comparable to that found normally for stimulated growth in these animals.
The chambers are made with cell impermeable Millipore filters glued to a plastic ring. Chambers are sterilized, detoxified, filled with mouse bone marrow cells and then implanted intraperitoneally in host mice. Raw granulocyte chalones were obtained in the form of media conditioned for 20 hours by rat white cells (2 x 10 7 /ml) at 37 0 C. The raw white cell chalone was administered to host mice in 1.5-ml aliquots at 5, 20, 24, 28, 44 and 48 hours after chamber implantation.
Chamber cells harvested at daily intervals illustrated the significant inhibitory effect of chalone treatment on white blood cell production during the early phase of can depress the cellular uptake of H-thymidine in granulocyte precursors proliferating in in vivo diffusion chambers. The same chalone treatment was found to have no effect on proliferating rat immunoblasts and macrophages, suggesting a tissue-specific inhibitory effect. Although these results indicated a reduced proliferation of precursor cells, the cell yield per chamber following chalone treatment was not reduced. It is possible that while chalone reduced the number of cells entering the DNA synthetic phase, the release from this inhibition resulted in a shortened cell cycle time and additional cell divisions, thereby compensating for any cellular loss due to treatment.
The present study was designed to examine the cell-specific action of a granulocyte chalone, obtained from the in vitro incubation of rat granulocytes, on the number of granulocyte progeny formed per inoculated progenitor cell in both normal and regenerating bone marrow implanted in in vivo diffusion chambers. Granulocyte chalone. Control solutions used against the granulocyte chalone were nonpyrogenic saline and the crude aqueous extracts of rat spleen and thymus obtained as described by Kiger. In essence, the organs were removed and finely chopped and then ground in 2 volumes of distilled water (final pH 6.5). After centrifuging at 20, 000 x g for 1 hour, the pellet was discarded and the supernatant dialyzed against distilled water. After dialysis, the extract was sterilized by Millipore filtration and stored at -70 C until used. These solutions were injected in the same regimen and volumes as the granulocyte extract.
II. MATERIALS AND METHODS

Animals
Diffusion chamber technique. Diffusion chambers were made from Millipore filters (Millipore Corporation, Bedford, Massachusetts), pore size 0.22/im, diameter 13 mm, glued to plastic rings. Each chamber was tested for leaks and sterilized by dry heat. Chambers were then detoxified according to the method described by Colonies of more than 50 cells were counted after 7 days of incubation.
Granulocyte chalone was added in several concentrations at the time of plating and assayed for its capacity to inhibit colony growth at the end of the 7-day period.
The inhibitory effect of chalone was also assayed against colony stimulating factor (CSF) obtained from the serum of endotoxin treated rats and mice. Salmonella typhosa endo-22 toxin was injected intraperitoneally into mice (50 /Jg/. 1 ml) and rats (200 Mg/l ml) and 2 hours later the animals were bled by cardiac puncture under ether anesthesia.
The serum was dialyzed for 3 days against distilled t^O and stored at -70 C until used.
Chalone activity was always assayed against the amount of CSF which exhibited maximum stimulating activity.
Proliferation of rat marrow cells in liquid culture. Single cell suspensions of rat marrow cells (10 /ml) in HBSS/20 percent FCS were pipetted into petri dishes (60 x 16 mm) to a total 5-ml volume. Granulocyte chalone was added to triplicate cultures in concentrations from 0 to 50 percent of total culture volume. The control 3 3 cultures received nonpyrogenic saline.
H-thymidine ( H-TdR) (Schwarz-Mann, specific activity 6. 0 Ci/mM) was added to each culture dish to a final concentration of 1 /LtCi/ml. These cultures were incubated at 37 C in a humidified CO" atmosphere 3 for 6 hours. The total H-TdR incorporated was determined by liquid scintillation counting of the previously twice washed trichloroacetic acid (TCA) precipitable material obtained from each culture.
Lymphocyte response to PHA. Single cell mouse spleen suspensions were brought to a concentration of 2 x 10" nucleated cells/ml in CMRL 1066/10 percent FCS. Three-milliliter aliquots were dispensed to sterile glass round bottom centrifuge tubes with 0.02 ml of phytohemagglutinin (PHAp) (Difco) added to each experimental tube. Granulocyte chalone was added in several concentrations and assayed for its capacity to inhibit the lymphocytic blastogenic response. Cells were incubated at 37 C with a 10 percent CO2 humidified atmosphere. Forty-two hours later and six 3 hours before harvest, 2.5 juCi of H-TdR were added to each tube. Cellular harvest was performed at 4 C, and the radioactivity in each cell pellet was subsequently determined in the 5 percent TCA precipitable material obtained after two successive washes at 4 C.
Marrow response to erythropoietin in vitro. Single cell rat bone marrow suspensions were brought to a concentration of 10 nucleated cells per ml in CMRL 1066/ Laboratories, Toronto, Canada, specific activity 2-15 units/mg protein) was dissolved in CMRL 1066/50 percent FCS at a concentration of 10 units/ml and stored at -70 C.
59 Fe citrate (New England Nuclear Corporation, Boston, Massachusetts) was obtained at a concentration of 10 /ig/ml with specific activity of 10 mCi/mg and preincu-
bated with autologous rat serum as a source of transferrin. ' Erythropoietin was added to 5-ml cultures (60 x 16 mm petri dish) of 10 nucleated cells/ml to provide a 59 fixed concentration of 0.25 units/ml of culture.
Fe, at a concentration of 10 /iCi/ml in CMRL 1066/50 percent FCS, was added to each culture dish in a volume of 0.1 ml and further incubated for 12 hours, after which the cells were harvested and washed twice 59 prior to determining the Fe uptake in the cell pellet. Granulocytic chalone was added to the culture plates in several concentrations at initiation of culture and assayed for its capacity to inhibit the in vitro erythrocytic response to erythropoietin. Viability of the total marrow suspension as well as the incidence of various progenitor or stem cells assayed was not reduced by treatment with the raw chalone in varying concentrations up to 50 percent of the culture medium (Table I ).
In vitro assays of granulocyte chalone specificity and noncytotoxiclty. (Table II) . Increases in chalone concentration In vitro colony forming assay. The granulocyte chalone was subsequently assayed for its capacity to block the action of colony stimulating factors from three different sources in the in vitro agar system using mouse marrow target cells. Table III shows that the presence of rat granulocyte chalone (10 percent v/v) caused a 50 to 71 percent reduction in the total number of colonies formed. Lymphocyte response to PHA, rat marrow response to erythropoietin, proliferation of mouse fibroblasts. On the other hand, Table IV shows that the granulocyte chalone at a concentration of 20 percent of culture volume did not significantly reduce the lymphocytic response to PHAp, using both rat and mouse spleen cell suspensions and the fasted rat marrow response to erythropoietin, as measured 3 59 by total H-TdR and Fe cellular uptake respectively. In addition, chalone did not significantly affect viability, plating efficiency or H-TdR uptake of proliferating mouse L-929 cells in monolayer culture (Table IV) . Thereafter, from days 3 through 5, the growth rates were similar for both groups. However, the average cellularity (proliferative and nonproliferative granulocytes and macrophages) through day 6 of culture remained significantly lower for chalone treated chambers, as compared with controls (p<0. 001).
In addition, it was noted that single, daily 1. 5-ml injections of the chalone preparation had no effect on chamber cellularity when injected from days 1 through 4 after implantation.
Regenerating marrow. extract, when injected two to three times into the host mice, significantly reduced 3 H-TdR uptake into proliferating granulocytes while having no effect on proliferating immunoblasts and macrophages. Although their data indicated a reduced proliferation of the granulocytic precursor pool, there was no reduction in granulocyte yield following chalone treatment. It is possible that the reduced proliferation was compensated for by shortened cell cycle parameters and additional divisions following release from the inhibitory effect of the chalone; whereas, in our system, the compensatory proliferation following cessation of chalone treatment could not equal the cellular production of control chambers because chalone, injected during the early phase of culture, inhibited the growth of the progenitor pool at a time when its proliferative potential was being established within the chamber milieu. In the present study, it was shown that the early administration of chalone reduced granulocyte progenitor cell self-replication and prevented an increase in the active growth fraction, which was necessary for full precursor amplification, under the differentiative stress established within the Cytoxan pretreated hosts. It is also possible that a relative reduction in the active growth fraction could have occurred through a premature differentiation of the chalone blocked progenitor cells. The retardation of division over a critical length of time may allow expression of tissue functional genes directing differentiation with subsequent loss of amplification 10,13 inherent in the system.
